<i9) B^sftfw (j p) (m^HS^p^^St (a) uDttmmwAmmn 

#53^6-275808 



(43)2:18 B 6 *f(1994) 9J3 30B 



(51) Int. CI. 5 tt&JE* FI 

H01L 27/146 
27/092 
21/336 

7210-4M H01L 27/14 C 
9170-4M 27/08 321 B 



(2D mmmn 


4#B¥5-86747 


(71)fflHA 


000153878 








»^tt¥^#x^;i/^-W^ 


(22)ffiSSB 


¥f£5f£(1993) 3 E22B 




»^JIimi¥*rtT^«398#tf! 






(72)3g9§# 
























(72) 





















(54) tfgfljw^^;] ¥##mss*j;tf^©fegg27ffi 



(57) [S»] 

[B«J] »«^-f*-H (TFD) tmmb?>i?X 
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«fcH. TFT*3<tlXTFDS:|5li;->U n>JW 
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1 

«« (in) trai;H<o*i»flE«iT*o. fiie^Mh? 

j«7tSf§©iggte lxiO"cm-'fcL< t**tt£U:©ai 
K, #02X10" c.m- , **©j(WT!'-»*Jl.t*1*a 

x ^ -5 c i t -r * ess. 

«) wc«Ht^-r*-H©jiitt 

ffitt (IS) traUH©*W#g|Tr»0. SMESHRh^ 
>->*X^©ffi1±ffi« <^**,>HMMWD ©II + * 
;Ht) JiWEWBl^'f h* ©Ktt®«©*I «t Ohm 

U 3 >BI£J&fijt-raSg 1 ©iet. 
SJS2©X|§<t, 

me -> 'j n >nsi± cieftttK& «t a»m 

twaay-r Mg^.ty:vx^w*77!> tut, ->U3 
>M K: *j <fc K - tf > y^tt* £ ^Jn-T * fg 4 oig 

t*»«tr**««*iii»©fp«*ffi. 
u n >m&B&Tzm i out, 

I9E > 'J n >BI± <ctt8ttJR£ <fc tf&ffil h7>y^?© 
•53§2<OXg<i:. 
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K- hT>^JFtt«S«lP-r*» 3 ©XSi. 

©©«s <t «i£ ©^«^©m 2 © K - fcf > ifyfW&i 

[«"»©«MBfclft9i] 
10 [0 0 0 1] 

imm±o>mm»»] *«?ntt. nmv^y^^ (t 

FT) &Jz.TmWk?**—\ t (TFD) t^rfS^iBfle 

iae«. #5;**©ift**is±. *ig^->'j3>^»* 

7^-;HcJ:«tSiMt. fittft*l!TffBSnSTF 
T. TFD£#T*¥W*EttfcW-r*. 
[0 0 0 2] 

20 [f£*©tt«] »«h5>5>;**. JWW-f 

TUfcjtf. «»»JH*»flE^***«©»ttTtt«fl:>' 

Atf, ittWb-r ^-^■fe>-y— lags) aWMsnxv* 

30 3. 

[0 0 0 3] 

[*W3&*«P»LJ:3-r-SBIlll] f*©TFDiTFT* 

h«feig^4 4Sr)gfi£L. Se.tC, y^htl45N, 4 
SPSMtl,. (0 4 (A) ) 
40 [0 0 0 4] *LT. ^»©CMOSf^MSffi*ffifflb 
TNjfi^«ft««4 6 N t PS^tt*«*4 6 P^^fig 
"T*. C©3F»fi«i»AXS«c*t»Ttty-l' hSffitcML 

U-+f-T--JU. JU*©#»T^«»©Stt 

fk*<*ic:^*)n-5. (04 (b) ) 
[0005] x\z. mi ©nmiemto4 7 smlt. 
nnk:3>^4' h*— TFT©y— H 

K>l:ii • E^4 8 a, 4 8 b. 4 8 0^7* 
50 *. (04 (C) ) 



( 3 ) 
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Wz. P§H. im . NM<D7 : £)1'7 7 ^ 

>K4 9P. 4 9 1. 4 9N^aiLT. Z.tl&rt 
?-=->>/ 1,, ^-f *-h*(D&^gB£J&fiS-r-5. (04 

(D) ) 

s&ic ?f§ 2 cdji p^se^ 5 os»j«u cinfca>^ 

1 SrJgfi&LT, @gS*^fi£-r-S.. (04 

(E) ) 

[0 0 0 6] d©«fc5&#J@£g-f£t£*w;frftT*;t. 
*I^IWO/^^R**n*'>U3>BliJJ:tfJBIIII«»» 10 
75^tl^*n2^. ^-ftlClniATNjf , PJKZ>fifl&*>'.&g 

ft©8SOr-; K*-f A#A#<. m^CIg^ 
[0 0 0 7] iga->U n>TFT{Cfflli-5->U =1 

T&O. rf>^ *:<Dl&&it\Z2 4&im\ik±-V>^&ff&1fi 

h fcKteiSo T < * i V» 5 IHHSJSAT 

«. SSiB.v'U n>TFTJCffl^^>->'J 3>B|£TFDJC 

u sfc, e o o-cetTofifln?. xxncM 

[0 0 0 8] 

left -3 fc„ tt^TcsgtL-Ttt, = (Ni).« 
(Fe) . (Co) . (P t) d«jgUTV» 

7Xy'j3>i©T, *>L<ttJbfcS5*LT»J«U a& 

jgS&SS, A^WJC«5 8 O-CtATWfflSTf^Tr:- 
[0 0 0 9] MOuiTJI.^ 7z-;ns^sn . 

itfr$-a--5JC«. £ft£03^0^ft< <hfc locoes!! 

X 1 0" cm"'. » SL<«5 x l 0" cm 

[0010] -tj. ±E«««»ia^>i*ft"bS"j3>K so 
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x l 0'° cm" 1 SrjSAftl»di:*<a*n«.. — 2u V— 

[00 11] SSIC. ClCDj;oftM<!S7C^«7r.-JK^ 
Wfa. OTAtf. S 5 0*CT4Ri3NW©7:i— ;i/£*5Clfc 

ot, cn6»gs^7c^«i o~2 0 ummmtz&m. 

2 0/im. j? $ L < tt 1 0 u mHTT»ntf. 
Ji7C**V-^, KHXCiAL, ^tl<£7r:-;U-r 

tt, v-x, Ku-f >K:*5»*«ii7c*<!!)»aEfclt«u 
t. jea->U3>«a«i:7 ; e;i/7TX->'j3>«a«$i 

ffi* 5 //mCDt>©<i: 3 0 mCQ&CD© 2lli$ML, 
5/tmOfeC0SISl>' l j3>TFT(C, 3 0nmOt>© 
£ 7 1 ;P 7 7 X -> U 3 > T F T let" -5 d 1 1> nJtlT 

•So 

[0 0 12] *f£BJAtt. C©it«7C^©«l*(C»a 

r.-;Hcj;oT'F*E^®«©gfm^«rffiTS*act^ 

fc©*H**£j&>LT, ^FffittflHtt. *5<fctfTFT<Z>fS14 
tt*. TFDOHttfiH«*fl£*«t0fi^»flETttil{b, 

<D' MiKTE^o^A (-r^->aAt>L<tt-f ^->H-tr 

©BEM{c«toTt)«J:Vi) 

® TFT©^ Ml, TFDOTX^WOJ^JSE 

© TFTOV-X, H U"f >m®<DJ&f$. 
[0 0 13] feStitt, 



( 4 ) 

5 

© te>m&m <y-r hiuw> wzm 

© TFT©y-f TFDCDVX^W(OJgfi£ 

© K-tf>y^F««J©Stt{t (6 0 OTCfitT. 8 ISM 
fitfi) 10 
© JBm&ftttO&JA 
© T F Toy— X, Kl/'f>ttiOf« 
[0 0 14] dn^OXStC*5(/iT, ^tO©*5<fct* 

©' tt*©wfl:*ieesi«;i£ fenfire**. 

*«*fc«»-r * V> 5 6 B-ft>ttA 

S^POfg^SSU^. feAft. ffitt^OfcsMcte. 6 

0 OpWT. Jft^«)tctt5 5 O'CJ^TOS^T+^T'* 

[0 0 15] #^BJ{C*5<^T. TFDO^jgtC^lATffi 
*K1J6^-St. ft*CTFD*l. JB*ifi*WLTHfc© 
fc»U #5£BJ!©TFDte¥®± ) «jg£ 

m-r2>Zt%:¥f&LT2>o *38iWK::feHTtt. T F TO 
SttSS^ «*: T F D ©Kttffi^«|SI U 7 7 7 X > U 3 
>MSrtB^fr^>. t«£#T*«, 2lO->'J 

3>MO^fig*i£^i$tlT^feOtC*fL, *^BJT« 

NI. PJBKHLTttTFTO**M&F 30 
- tf >yo^lC|S|B#tc¥BW{C^-r-5 H t IZ J; o T*§ 

stt*. -r^^. TFTicN^TM^^aA-r-st^ 

CTFDCNS^ML, TFTfCPSPFM^£& 

[0 0 16] £©£5&¥ffil$&TFDteft3l5lC;ft^# 
££*rT£. ft&©TFD (04»C^£*l-5«fc?&JEM# 

*®^rtgBlc%^-r^)tt^O^*^*(6]<i:^fig»li 
/5<SS<t:fcD. 7LBSW&«#tt#©;^3??ftT-*3lT* 40 

OTFD^va-htSil.tt.Sofc. ^fgBJitciJ^T 
tt, TFDlC^i;^«#0^(Sj36^paWS<i:¥fT-C t *-i > 

o-e, «^i6]-co?t^g*t-^£^o. yemm&&)m 

[0 0 17] £<E>IC. *^B^IC*3UT«. Mj«7C^Of^ 
fflOfe«e>(C. S#©S&Tr:-JH£«fcoTteifSI!.teLft^ 

1 o o 0 AJWT©ti^7*;U7 7X->'jn>|gfcfe!iii{fc 

-r-5. TFTo©^g6(c*5itsy-f KJte^oe>^- so 
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JU^Sfeg^JL y-f KmSO»r«l^$rl»lhTSS^^e> 
«. fcSH^'J^gl©^^ 1 0 0 0AKT. 5fSU 
<B5 0 0 AJWT#g#S*lTi^fc. ft*teU-~ tf— «S 
ll4t^©;frftTtefl§!Ti*fr^*:7^ #fgWc<fco 

T&m\z&^T'bm7--)i>\z&^-cmm-c&tz. d© 
c £ o o £ £ ft -5ft± icif^-r -s d <t 5 * r 

Jc*^Bj$ui^-r-5. 
[0 0 18] 

[£1609] cgttoi i ] si (c*iiifi0ijof^iaxgo 
mffimztn-?. it. as (a-->y7 059) 10 

±iZ7>rtyi?<)>{/mzJ:-oTmt! 2 0 OOAoSftS 
5HOTi&Bll 1 SrJ&fifcbfc. ^5XVCVDS 
C«koT. 5 0 0~1 5 0 0A, \ 5 0 OA 

©» (13!) ®7t;i'7 7X-/U3>MiLfc. 

^icmenfcT^u? 7-7. -> g n ymiz^jry&xmz 
J;?Tr7^Kt>^aAlfc. K-Xittix 1 o 
"~5X10"cm- ! , MAtf5xiO"cm- ! i:b 

t ; e;P7tx->U3>K> : p{c«. 5x1 

0" cm- s gg©©STn<;/^;P#&A£n;fco (01 

(A) ) 

[0 0 19]*C. 7*h'JV^77>f-fetJ:'pT/'! 
^-r>^L, ^->j3>Wl2a (TFTffl) *5 
Wl2b (TFDffl) £Jgfi£L&. 

u>yj*{cj;oTjp^ i o o oA(i>mK&.mmi 3*y 

IS«2 0 0~4 0 0t, #J;U;£2 5 0t. X/V^'J 

>y^ffla«Sfm£T;i'^>T. 7;i/=f>/K^=o~ 

0. 5. mz.tt0. lHTtLL 9I*«^T. MJEC 
VDSlCi^T, J¥£ 6 0 0 0~8 0 0 0 A, 0!|iLfc£6 
OO0Affl-/U3>i (0. l~2%©8?£-£tf) £ift 

m^tco ua. z\<Dmt&mt~> , )zi>m<D!&mT.mt 
mi&mz&ziUoztibmwi^K -tux, yijn>i 

— ->ytT, TFT©y<MI14a. 14 
bfeiy:TFD©VXi?»l 4 cSrJgfiSbfc. (Ell 

(B) ) 

[0020] -a\z. mi (O {c^-r«fcp«c. 7*hu 

V7. bV>-?*9 1 5 a£J&fiEU X7X7 H- tf >yffi 

K«t-?T, ->g3>^{cy-r hiisvx^tix^ 

(PH, ) £/B^. Jnji«EE* 6 0~9 0 k V, 
^J^.^8 0 k Vtlstz. K-XSttl X 1 0"~8 X l 
0 ls cm-', 2 x l 0" cm"' iiLft. COiSS 

TFTONfC^MWlBa. T FDON1© 
TM®>m®.l 7 ntiW&Ztltz. (01 (C) ) 

[0 0 2 1] #fC. 0 1 (D) \ZmT£o\Z. 7*VV 
-yx KO^^i7 1 5 b^fgfiKL. X7X7K-t:>yffi 
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7 

ffitt (tf^iif) SttALfc. K-e>mtl/T. V s 
tf^> (B, H, ) flll«ttffi£4 0~8 0 k 

V, 0iJ^.«6 5 k Vtlfc. H-X1«1X10 IS ~8 
xiO"cra-'. 9iA.it. 5xiO ls iLfc. CWifsS 

TFTWPSW^Ml 6 b, TFDOPS© 
:*Ftt*MH*l 7 pd^fiEStlfco TFD©NIi«l 7 
n*5j;tfP!!flHl£l 7 pOF^fctiSttffi® 1 7 i 
(01 (D) ) 

[0 0 2 2] M^fflSC*. 5 0 0 TCT 4l$m 10 

» 7 =--MZ «fc -a T*§ Oft** A •= Jtfr L . H - tf > ^ 

1 4c«iLfc. (01 (E) ) 
[0 0 2 3] Ss^T. @36 0 0 0 A ro^-ffcHSlffil 1 8 

tf. iftf^>i7^3=17AO*IttlCJ:oTTFT 
®ii'iSl9a, 19 b. 19 c. T FDfflli • 
E«H9d, 19e€»J«Ufc. IflC. 1 mJE©*fg 20 
f?ffl^i-C3 5 0 , C. 3 0»057--;i/$r*3Cl^:ofc. \>X 
±©XejC«toT^*lslte^^L.fe. (01 
(F) ) 

[0 0 2 4] *iiT(i. 0A>S9ie>*>fcJ;-5fc-> l jn 

IS*. ^M7 p o-tX«^#<fJjge$nfCo TFT 
0«tt«*fi«ktf T F D CD jtttffi® ©X y irJKDmm* 
2^^>fi»«f (SIMS) telCfc-sTWJgbifct 
u5. #C 1X10'*~5X10" c m" s <D~y 

tkmznrz. 30 

[0 0 2 5] *SIJfi0ycD^#:|HlSSOp^. TFDGD8B 
(A) tC^-T. C(DTFDtt7t-fe>-y— ill 
fit5l^l;tt±W^3ti(|5A»^n5. C1CDT F D 
COA-A' Ktt-9&X*JM?-/'C>FHIi. 02 (B) 

oT, cn^^s-r-srejexcti. 02 (o ictk-tj;? 

tC. TFDOVXi? 1 4 c Sr^bfcSHC 1^100 
0~8 0 0 0 A. #Jx.tf3 0 0 0 AofcmitT^fryr 

x->u3>4f©Ms©ict4*^ii 7 a&M&m 

«cl 7 i tCffi»L<T^j£LTt>«fc^. 40 
[0 0 2 6] fljxfcf. 7^77Xy'j3>^ffl^i 
^-WTlCfe-Siga^'J^XDXttSS®! 7 i «t 

oT, +t'JW ; E;i'77X>' l j3>Il 7aTM 
•£>. 

[0 0 2 7] 02 (C) O^oUffi^Z&^-Cte. T=E 
IwJNrlC. jeS->'J=i>^®^l 7 i Tfc-eo^gSacO 50 
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tfc-S. 7^77X^117 3,1:117^77 
7,->'J 3>®l£ffl^£«'&l::te. dtltC^sH. gig. 

[0 0 2 8] 7*^7 7X^11 7 aOX*;^— 

/x> 1 7 i ictt^-nza-mfcr. xtt«« 

1 7 i TSMfcUfc** UW ; EJl'7 7X*^Il 7 
aJCFU7 h-r-5Clt<£E6jl:L. 7tf77X* 

H(D^)Etc»oT*tt«g«i 7 i tc&Hfrrs. ^e-wfe 
[0029] cnjgey 2 ) 03 K*£iSfli©«s«ia 

CDWrmm&Tii-t. (n-- >y 7 0 5 9) 3 0±t£ 
X^yP'J >?mz£.~3XW£ 2 0 0 0 ACDSMttilii© 
TJ&BI3 1, $f.t:7"7X'7CVDttlCj;oT7 ; E;i'7 
7X->'Ja>J|$f^lfe 0 -t LT. 7^1-7 rX->D 

(TFTI) *5<fctf3 2b (TFDffl) &Bf8.[sfc.o tS 
SCI. 7 h5 • Ih + y • ->^> (S i (OC, H s ) 

, , teos) tmm&mm tit. ^xtcvds 

(Cj;oTy< h«6i»Mt LT. 131 0 0 0 AOgMfcg 

7DDif i/>.(c, hci, ) zm^tzo i&s&mz?- 

*>rt-\zmm&4 0 0 SCCMfiitU 1IIS3 0 0 
"C, iE5Pa, RF/t9-15 0WT*7'7X?^t 
CICDttISS: 1 OftU-otz. 7-\->A*-iC 
Ki3 0 0 SCCM, TEOS*15SCCM, K')7 
ODXfk>*2SCCM^AlT. 

^3 0 01:, 7 5W. 5PaT&ofco ESM^TIg, 
f t>A'-l:i 0 OTo r rO*i$IAb. 3 5 0«C 
T3 5#CD*5ii7X-;i/£:fc;rftofc,, 

[0 0 3 0] 3l£ig£l^T. XAW^'J >yj4tCJ:oT. 
f$6 0 0 0~8 0 0 0A, ^IIA«6 0 0 0 AcD^>^ 

JKDftfrC tC. 7 OA. ^E'J 77 >. 7 >777>. 7 
^>**ffl^T"bJ:v»«*. wrti 7 x-;n*Mfc: 

iBA?»n^Cl<t3&^STfe-5. fit, 7>7;W«£A* 
7— X^L-T, TFT©y^ M13 4 a. 3 4 b. 
TFD®7X?#34c*Ml/fc. TFT 
©y-f httSWH ( = -7-r*;kft) «5~10jtm. T 
FDWTX^CDH^ 0~5 0 limtbfc. 

}15SfCDl~5%X7U> 

3B2 0 0 0Atfeofc. (03 (A)) 
[0 0 3 1] 7 p ^X-7H-t;>yi^lc:«toT. -> 
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<J 3 >m®lz^f&®) (&) JSALfc. K-t>^X 
tbt, 7*X7>f> (PH, ) £ffl</>. SD&«ffi£6 
0~90kV, 0iJA(f8 0 k VtLfc. K-XlttlX 
10"~8X10"cm'. 2 X 1 0 ,s cm"' 

fc. (S3 (B) ) 

-f *>&A?£(;:«fcoT. -vTM 
ALit. K-Xfittl Xl0"~5xi0"cm-'. #J 
x(i5X10"cm-'iLfc. ^O^, 7 
->'j3>^4'(cti. 5xi_o l, cm-'8g©iBgt-7 10 
irM^ASnfc. (0 3 (C) ) 

[0 0 3 2] ££tC. £{M©TFT (N^r^JUSiTF 
T) &£ZfTFD<Dft&Wm®. (NII» S7tM/ 

T*fiiJ©TFT (P^-^^JUTFT) ©y'j3>I«fe 
.tOCTFDrofcfflil©^ (PII«) \Z^Wfa (*? 
ift) *aALAc. h*-tf>^X<!:LT, i?#7> (B 
, H, ) £fflt,>. ilPji«JE*5 0~8 0 k V, 09*. « 6 
5kVtLfc. K-Xittl X 1 0 ,s ~8 X 1 0 IS cm 

5tl:i£A$nfe8IJ:^^5xlO ls cm 20 
TFTON^CO^ij5E^lSg^3 7 
a, |5IPS^3 7 b*3j;^TFD<7)NS^3 8 n, 
P^®^3 8 p^JgfigLfco (S3 (D) ) 
[0 0 3 3] ^©i, 0. 1 ~ 1 «.BE©*mS7C#H^ 
5 0 0 < CT4B#P4T--;UT-5^ttC <: toT. 

fcl«3 7a, 3 7 b&JctfS 8 p. 3 8nK.tt.-ylr 

TFTCDgttffl^»Cfe^^^Udite«tb, IS«ft35<JifT 30 
Lfc. -7J. TFD©JttttI«3 8 i <7X 

©a«t)!tet»oTisjMkbtt*»ofc. -r&fc^, tft 

3 8 i ©4 I *SB«7 ; e;U7rX^Tfeofc. (03 

(E) ) 

[0034] m*x, 2 o o o A£>mt&m&3 9 

£liRI3#&il#J<*: LT7'7X7CVDffil:±oTf)SL. 
Cin(C3>^i/ H*-JU$:^figLT. &Jg*m, 40 
«. S<t5 1 ^><i:T^5^-?AC0#ffl)KfCJ:oTTFT 
12114 0 a, 4 0b. 40c, TFDOlffi- 
Eig§l4 0d. 4 0 e^^Lit. Wi'&lZ. 1 SUBE<9*ijt 
^IgTSSOt, 3 0#CD7X-;l'£*5;ifto/t<, &L 
±OIg(C£oT¥«#0S&^<£Lfc. (0 3 

(F) ) 

[0 0 3 5] &mi&&l-e\Z. TFDC5-7Xi7«3 4 c 
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£j£&»ffr&tS#S*l-5roT&*U4\ TFDOPSW 

0JT14. Itt®«3 8 i±K:tt7;*?#3 4 c#<#&L 
TVi-5C0T, TFD$-^-{r>1t-<hLTfi&fflT-2>«'&»C 

««©«•&!;:«:. SMSftiiflW^'Jx-— >g >tLT^ 
*lfcH2 (C) CD£3lCftfift&ft±3-B-«fc&tC7'E 

***«. MM&l 1 £tt&fcoT*«:ffi«3 8 i \ZttX® 
[0 0 3 6] 

tTFDS#-r* s l £ Slflc0»SfP«-r*yn-fe^S||R|« 
Afcf. 5 0 0tt^^±5?5:fiS. 4l$|W<hl^5 

*. 6 0 01CJ^±»yn-feX*«fflbfc*^^{4^7X 

[0 0 3 7] £©££14. AtSm©*«$— StdMST 
g--5^i**ft-r-5t><DTfe-5„ -T^t)^. A0«*« 
Sr^S-r^^-ttCioT. 1 5 £<©#BIIeJ 

[0S©fMi&iftBJ] 

[0 1 ] mmm 1 «fe$ii*§»T00£^T. 

[02] HJg^JlTf#?>tircTFD*3<t^©A*> 

[0 3] *Jg«aj 2 ©f£SiIgBFr®0£*-r. 
[0 4] tj£3feWf^®!l^J (»f®0) £*-T. 
[^^©UJBJ] 

10- • -ss 

1 1 • • • -F*fe«S5feiHkM mtmm) 

1 2 • • • S«->U3>®*g 

1 3 • • • y-f bm&m mm.m) 

i4- • • y-r hms*3«k^vx^« anH-^snt 

-> u 3 » 

15... K-tf>^VX^ (7* hl^X K) 
1 6 • • • TFTCD7— 7.. H U-f >f§^c 
1 7 • • • T FD«^MfetS( • 

i 8 • • • JSffi*fo§^ (^ta^) 

1 9 • • (gftf^>/7Jl'5Z'7 
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